Abstract -Magneto-optical microscopy using digital image processing is applied to observation of magnetization bit patterns in double-layer media. The bit patterns are found to depend on pole shapes and magnetomotive force. A reversal domain is observed on both sides of a track if the leading pole of the head is wider than the trailing one. The reason is that magnetization bits are written not by the longitudinal component but by the vertical component of head field. Moreover, the patterns become obscure with increasing magnetomotive force because of the saturation of media underlayers. Thin film heads with double-layer media can perform adequately in perpendicular recording by designing pole shapes and setting the magnetomotive force.
INTRODUCTION
To realize perpendicular recording in rigid disk drives, various heads are presented [1, 2] . Thin film heads combined with double-layer media are valuable because they have a high record and reproduction efficiency .. Head fields of this combination have strong longitudinal components, and the write process is complicated. That is why the write process of these combinations has not been properly clarified.
Written bit observation is important for investigation of the write process. Bits on doublelayer media has been observed by Bitter solution techniques. By this method magnetization can not be observed, but the the magnetization gradient can. Magneto-optical microscopy is useful for direct observation of magnetization. However, the Kerr rotation angle for Co-Cr film is so small that there are few reports on bit observation by this method [2] . Recently digital image processing has been applied to this method for improving weak contrasts [4] [5] [6] .
We have applied this method to the bit observation of Co-Cr films and investigate the write process for a thin film head combined with double-layer media. The magnetomotive force dependency of written bits is also described.
APPARATUS
A modified polarized microscope (Nikon Microphot-fx) with a mercury arc (100 W) light source is used. The sample is obliquely illuminated to observe both perpendicular and longitudinal magnetization. The extinction ratio has been improved by use of a Glan-Thomson prism as the polarizer, and selecting objective lens. Camera signals are fed to an image processor (Nippon avionics Excel). The signals are averaged, and a difference image between opposite polarizer settings is acquired. By this method, magneto-optical contrasts can be enhanced and nonmagneto-optical contrasts can be reduced [7] . Finally, the required gray level of image is expanded to improve contrast.
RESULTS AND DISCUSSION
Magnetization bit patterns Figure 1 shows a magnetization bit patterns image. The media is composed of a Co-Cr film (thickness 0.3/lm) and a Co-Zr film (thickness 1.0/lm). Head #1 of Table 1 is used in the experiment. Characteristic patterns are seen. They are different from bit patterns written in longitudinal media by the same type heads. Reversal domains on both sides oft racks are observed. The patterns are schematically shown in Figure 2 . In Figure 2 , length la is nearly equal to the width of the leading pole of head , and lb is almost equal to that of the trailing pole. Magnetic transition of the reversal domain is located in different place from that of the domain in the center of the track. Transition difference is almost equal to the sum of the gap and the trailing pole lengths. This result implies that magnetization bits are written by the field of the backward edge of the trailing and the leading poles.
I---l Figure 3 shows calculations for the head field combined with the double-layer media. Computation is performed by a three dimensional integral equation method. Only the permeability of the soft magnetic underlayer is taken into account as magnetic characteristics of the media. In comparison with bulk Co-Zr, the permeability is small because the underlayer has no anisotropy. In Figure 3 , (a) and (b) shows vertical component distribution on line a-a' and b-b', respectively. The leading pole is the wider one. Assuming that the coercivity of Co-Cr films is 1000 Oe, magnetic transition occurs at x = O.l/lm in (a) and at x = 3.6/lm in (b). Points x = O.l/lm and x = 3.6/lm correspond to the backward edges of the leading and trailing poles, respectively. The calculation results support the fact that magnetization bits are written by the field edge of the each of the poles. This is derived from bit observation and field calculations that the write process of thin film heads combined with double-layer media is similar to that of heads with a pair of single poles with double-layer media. Figure 4 (a) shows a magnetization bit image written by a head with misaligned poles at the other edge. Pole shape is schematically shown in Figure 4(b) . The bit pattern corresponding to the pole configuration is observed. In this combination of head and media, track width is not equal to the gap but to the width of the wider pole. It is very different from longitudinal recording. Magnetomotive force dependence Figure 5 shows observed bit patterns for increasing magnetomotive force. The recording head configuration is shown as #2 of Table 1 . Media is the same as used in the former experiment. Figure 6 shows readback voltage vs. magnetomotive force. At a magnetomotive force of NI=O.34 AT, both readback voltage and contrast of bit image is maximum and magnetic transition is dearly observed. By increasing magnetomotive force to more than 0.34 AT, image contrast decreases and transition becomes more obscure. Readback voltage also becomes lower, corresponding to degradation of the written bits.
Magnetomotive force (AT) Figure 7 shows calculated head fields vs. magnetomotive force. According to Figure 7 , head fields include more longitudinal components on increasing the magnetomotive force. The reason is because the soft magnetic underlayer is saturated. In this region, not only the vertical component, but also the longitudinal component affects the write process. To analyze this write process, a vector magnetization process for CoCr film should be accounted for. 
CONCLUSION
Magneto-optical microscopy with digital image processing was applied to the observation of magnetization bits in double-layer media. The bit patterns were found to depend on pole shapes and magnetomotive force. The write process of a thin film head combined with double-layer media is similar to that of a pair of single-pole heads with double-layer media. Magnetization bits are written by the vertical field of the backward edge of each pole. Therefore, when the leading pole is wider than trailing one, the reversal domain which is not overwritten by the trailing pole remains on both sides of the track. The magnetic transition position of the reversal domain is different from that of the domain in the center of the track. Increase in magnetomotive force degrades bit patterns and reduce readback voltage, because the head field includes a large longitudinal component caused by saturation of the soft magnetic underlayer and the write process is affected by the longitudinal component. By designing the pole configuration and setting the magnetomotive force, thin film heads with double-layer media can perform adequately in perpendicular recording.
